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A comparison of a new centrifuge sugar flotation technique 
with the agar method for the extraction of immature Culicoides 
(Diptera: Ceratopogonidae) life stages from salt marsh soils! 


Cpasnenne HOBOTO MeTOAa eHTpuUdyrMuposanuA 
u þaorayun B pacTBope caxapa c arapoBbIM MeTOAOM 
AAA ygëra upenumarnnaĘsbHbIx craaun Culicoides 
(Diptera: Ceratopogonidae) u3 rpyHTOB COAËHDIX Mapmeñ 


Daniel L. Kline 
Asunaa A. Kaan 


Center for Medical, Agricultural and Veterinary Entomology, United States Department of Agriculture / Agricultural Research Service 
(USDA/ARS), 1600/1700 SW 23rd Drive, PO Box, Gainesville, Florida 32604, USA. E-mail: dan.kline@ars.usda.gov 


KEY WORDS: Culicoides, immature stages, extraction techniques, agar, centrifuge, sugar flotation. 


KJIKOUEBBIE CJIOBA: Culicoides, 1peuMarMHasIbHble CTANHH, METODI y4éTa, arap, WeHTpUdyrupoBaHue, 


(buoTaluaA B pacTBope caxapa. 


ABSTRACT. Two sampling techniques, agar ex- 
traction (AE) and centrifuge sugar flotation extraction 
(CSFE), were compared to determine their relative 
efficacy to recover immature stages of Culicoides from 
salt marsh substrates. Three types of samples (seeded 
with known numbers of larvae, homogenized field 
samples with approximately equal numbers of imma- 
tures, and regular field samples with an unknown num- 
ber of immatures) were evaluated. Two substrate sam- 
ple sizes were used (100 ml and 1000 ml). Agar extrac- 
tion was used with both sample sizes, but CSFE was 
only used with the 100 ml size. The seeded samples 
were inoculated with 3rd—4th instar larvae at 5 levels 
(0, 25, 50, 100 and 200 larvae / sample). Mean percent 
recovery was similar at all inoculation rates within each 
extraction technique, but the CSFE recovered 95.7% 
compared to 35.3% for AE1000 and 16.7% for AE100. 
For the homogenized samples, on a per sample basis, 
the AE1000 method recovered about twice more imma- 
tures than the CSFE, but on a mean number of imma- 
tures recovered per ml basis, CSFE recovered 5.2 times 
more than AE1000. Similarly, for the regular field 
samples, on a per sample basis the AE1000 method 
recovered ca. 1.5 times more immature stages than 
samples processed by CSFE, but on the immatures per 
ml of substrate basis the CSFE method recovered ca. 
6.6 times more than AE1000. Overall, on a per ml basis 
the AE100 and AE1000 recovered an approximately 
equal number of immatures. The CSFE technique proved 
to be advantageous because greater numbers of imma- 
tures were collected with less substrate. As a result, this 
technique allowed more samples to be taken over a 





larger area with less effort. Also larvae were recovered 
from the samples in hours instead of days. Thus, more 
information on the spatial dynamics of Culicoides im- 
mature populations may be obtained in less time using 
the CSFE technique. A major disadvantage of this 
method is that a fairly expensive centrifuge is required 
for processing samples. 


PE3IOME. IIpopeyeHo cpaBHenue JByX MeTOJOB 
yuéta IpevMarHHasibHBix ctaqun Culicoides — 3KCT- 
pak c MOMONI arapa (AE) n MeToya WeHTpudy- 
THpoBaHHaA n þiorannnu B pacTBope caxapa (CSFE). 
CpaBHeHve MpOBOMHJIOCh C WeuIbIO OWeHKH cpaBHH- 
TeNIbHOU 9peKTHBHOCTH 9THX MeCTOOB AIA H3BIIEUe- 
HHA TIpeMMarubasbHblx cTayquu Culicoides u3 cyOctpa- 
TOB COJIGHBIX Maple. Jra paOoTsI OBIIH HCHONb30Ba- 
HbI 3 tana mpoo: (1) ounmeHHEIe oT Culicoides cy6- 
CTpaTbI, B KOTOpbIe 3aTeM ObIIO IIOMEINCHO TOUHO H3- 
BecTHOe YHCJIO JIHYHHOK 3—4-ro Bospacta (0, 25, 50, 
100 unu 200 Ha kaxayro mpooy); (2) romoreHu3upo- 
BaHHble MpoOsl, cogepKamme MpHOMM3UTeIbHO paB- 
HOC YHCJIO JIM4MHOK H KyKONOK; (3) OObrHHEIe post, 
coOpaHHble B Ipupoye H coyepxKallie pasIHYHOE He- 
YCTAHOBJICHHOE YHCJIO JIHYMHHOK H KyKosIOK. Kpome 
TOTO, HCIHOJB3OBAJIHCh 2 Tuna npoô nmo oObéMy cyő- 
ctpata (100 ma u 1000 m1). Sxctpaxyua arapom mpu- 
MeHAIach MIA OOpadoTKH mpoő oOoHX pa3MepHBIx 
rpymu, a Metoa CSFE — manb mia p00 o6bémom 100 
mu. Jia 1po0, coxlep»kalljux TOYHO U3BeECTHOe YHCJIO 
JHYHHOK, CpeqHAA MOA Ocobei, 9KCTparHupyeMBIx C 
MCHOJIb3OBaHHeM KaxKOrO MeTOMa, He 3aBHCela OT 
omero 4HcNa JIHYHHOK B Mpobe. IIpu TOM METO 
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CSFE no3Bomum yuectb 95,7% oT omero yuca IM4H- 
HOK, a Merog AE — sub 35,3% n 16,7% oco6eŭ n3 
mpo6 oősëmom 1000 u 100 Mu, coorBercrBenno. Ma 
TOMOreHH3HpOBaHHBIX pod Merox AE1000 nossos- 
eT y4eCTb BABOe ÕOJbINCeE YHCJIO Ooco6eğ H3 Mpoost, 
yemM Meron CSFE100, Ho B pacyëre Ha e4MHHNY OÔbe- 
Ma posi 9PþekTHBHOCTE BTOporo MeToya B 5,2 pa3 
BÞIINE. AHAIOTHYHO 9TOMY, JIA OOBMMHBIX IIpoo MeTOJ 
AE1000 nosBonseT y4ecTb B nmontTopa paza Goxswme 
JIHYHHOK H3 KAXAOÑŇ MpoOst, “em Mero CSFE100, Ho B 
pacuéte Ha equHuly oObéma BTOpPOÑ METON B 6,6 pa3 
əppþexkrysBnee. 

B pacuéte Ha equHully oObéma cyOcTpaTa, METON 
AE no3BoyIdeT y4ecTb IPHMepHO paBHoe YACJIO JIHYH- 
HOK, BHE 3aBHCHMOCTH OT OObEéMa pods (100 um 
1000 m1). Merox CSFE Oonee adbcbextuBen, mockob- 
KY MO3BOJIACT Y4eCTb ÕOJIÞIICE YHCJIO IHYHHOK H3 MCHb- 
mero oObémMa cyOcTpatTa. DTOT METOM MO3BOIAeT C 
MCHBbINMMH YCHJIMAMH COÕpaTb OobUIee YHCIIO NPO C 
OobLIeH TeppHTOpHN, a TAKKE H3BJICYb JIHYHHOK B 
TeC4YCHHE HECKOJIbKHX 4acoB, a He Hel, H, TAKAM OOpa- 
30M, IHOJIYYHTb Ooee WeTaIbHy!o HHopMaLHio O IO- 
ILyJIALHAX MOKPeLOB B Oosee KOPOTKHe CpoKH. OcHoB- 
HOM HegocTaToK Merona CSFE cocTouT B TOM, YTO WIA 
oOpadoTKH mpo6 HeoOxogzMMa oporocToslad WeHT- 
pudyra. 


Introduction 


Biting midges of the genus Culicoides Latreille, 
1809 are pests of man in coastal areas throughout the 
World because of their annoying attacks and high num- 
bers. These attacks can make outdoor activities impos- 
sible in some areas [Blanton & Wirth, 1979]. The bites 
of Culicoides often may result in secondary infection 
(cellulitis) in sensitive individuals. Complaints and de- 
mands for control of these biting midges have increased 
with man’s encroachment into areas adjacent to coastal 
salt marshes. Despite this considerable nuisance prob- 
lem and the adverse effect that their presence has had on 
the quality of life, tourism, and land development in 
coastal areas of Florida, USA, and in many other areas 
[Linley & Davies, 1971], relatively few studies have 
been done on basic biology and ecology of Culicoides 
in most geographic areas. Thus, there is only limited 
knowledge from which to develop a rational pest man- 
agement strategy. 

While ecological studies on the populations of adult 
Culicoides are not numerous compared with other blood- 
sucking arthropods, such as mosquitoes and ticks, stud- 
ies on their immature stages are even rarer. Part of the 
reason for this is that the immature stages of Culicoides 
occur in the substrate of semiaquatic habitats such as 
coastal salt marshes and mangrove swamps. As a rule, 
the presence of Culicoides immatures cannot be visibly 
observed, and their sampling is difficult. 

Historically, larvae of biting midges have been 
recovered from salt marsh substrate samples by the 
following methods: (1) sieve-flotation [Kettle & Law- 


son, 1952; Wirth, 1952; Kettle et al., 1956; Jamnback, 
1965; etc.]; (2) sand flotation [Bidlingmayer, 1957; 
Williams, 1960]; (3) direct flotation [Linley & Kettle, 
1964; Linley & Adams, 1972]; and (4) Berlese funnels 
[Jamnback & Wirth, 1963; Jamnback, 1965]. Kline et 
al. [1975] found that all of these methods were te- 
dious, time-consuming, and had various other disad- 
vantages. 

Sand flotation has been the most commonly used 
method, but is messy, and extracted larvae are often 
physically damaged and unfit for use in rearing, insec- 
ticide, or pathogen studies. Therefore, Kline et al. 
[1981] developed an agar extraction method (AE), 
which resulted in the recovery of undamaged larvae. 
While the AE method has been an improvement over 
other techniques, it requires at least 48 hours to obtain 
a number of larvae similar to that by sand flotation. 
For studies aimed at developing an integrated pest 
management program this time requirement can be a 
disadvantage. Another potential disadvantage of the 
AE method for developing such a program is that until 
now the AE’s ability to quantify accurately the larvae 
in various habitats has not been tested. Although the 
information obtained by the AE method has been 
useful in establishing the relative abundance between 
sampling sites, absolute numbers need to be deter- 
mined. In order to overcome these disadvantages a 
new method was developed known as the centrifuge 
sugar flotation extraction (CSFE) method. This paper 
reports the results of a study, in which the AE and 
CSFE methods were compared in terms of their speed 
and accuracy in recovering the immature stages of 
Culicoides from simulated and actual field samples 
obtained from salt marsh habitats with sand and mud 
substrates. 


Material and methods 


Immature stages of Culicoides: The field-collect- 
ed larvae of Culicoides were obtained from salt marsh 
areas at Yankeetown, Florida, known to produce al- 
most exclusively large numbers of Culicoides missis- 
sippiensis Hoffman, 1926 larvae during winter (De- 
cember through March) and early spring (April) [Wood 
& Kline, 1989]. Larvae of C. mississippiensis are about 
1 mm long, transparent when newly hatched, and grow 
through 4 instars to reach a length of 6-7 mm when 
mature [Kline, personal observations]. First and second 
instar larvae (< 3 mm) can be separated from third and 
fourth instar (>3 mm) ones. 

Extraction techniques: Two extraction techniques 
were compared to remove the Culicoides immature 
stages from three categories of substrate samples. The 
extraction techniques are described as follows: 

Agar extraction (AE). This technique is described in 
detail by Kline et al. [1981]. A 2% (weight / volume) 
non-nutrient agar solution was autoclaved for 15 min at 
a pressure of 15 pounds per square inch, allowed to cool 
to ca. 47°C, and then 300 ml of the solution poured on 
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top of standard substrate samples (1000 ml of substrate) 
that previously had been placed into 2-litre plastic 
containers (16 cm diameter x 11 cm deep). This result- 
ed in aca. | cm thick agar layer on top of each sample. 
After the agar gelled, container lids were replaced. 
After 48 hours, 200 ml of filtered estuarine water was 
poured onto each agar surface, swirled back and forth 
several times, and then decanted into a black photo- 
graphic tray. Immature stages were removed with a 
pipette and counted. After removal of all visible larvae 
and pupae, the 200 ml of estuarine water was again 
poured into the container and the process repeated until 
3 consecutive negatives were achieved. Even though 
all immatures were removed from the agar surface, 
some larvae remained embedded in the agar layer. 
These were removed with a dissecting needle with a 
slight bend at the distal end (i.e., probed from agar). 
While the standard size for comparing the extraction 
techniques was a 1000 ml, additional comparisons were 
made using 100 ml samples in 250 ml glass beakers 
painted black on the outside. 

Centrifuge sugar flotation extraction (CSFE). Sam- 
ples consisted of 100 ml of substrate. Each sample was 
washed through a kitchen colander (15 cm diameter, 
16 x18 mesh [6.3 x 7.1 wires/cm]) with a water hose 
into a 2.3 litre plastic pitcher (model #3062; Rubber- 
maid, Fairlawn, Ohio, USA). Care was taken to wash 
all of the substrate from the sample container in order 
to ensure collection of all specimens. The pitcher 
contents were then poured through a U.S. Standard 
Testing sieve with 150 um openings (100 mesh) (W.S. 
Tyler, Inc., Mentor, Ohio, USA) and rinsed with a 
steady stream of water from a hose until most of the 
mud/sand was washed through the sieve. Sieve con- 
tents (residue) from each sample were concentrated 
and rinsed with as little water as possible into a 250 ml 
plastic centrifuge tube. One hundred ml of saturated 
sugar solution was added to the tube and the mixture 
vigorously shaken. Then additional saturated sugar 
solution was added until the centrifuge tube was full. 
Tube contents were again vigorously shaken and then 
placed into a centrifuge (model Centra-4B; Interna- 
tional Equipment Co., Needham, Massachusetts, USA) 
and spun at 2200 revolutions per minute for 3 minutes. 
This model was capable of processing 4 x 250 ml 
samples at the same time. The resultant supernatant 
was poured through a 100 mesh screen and the residue 
pellet discarded. Screen contents were gently rinsed 
with a water hose either into a 100 ml Quorpak™ jar 
(All-Pak, Bridgeville, Pennsylvania, USA) or a black 
photographic tray where the immature stages were 
removed with a pipette and counted. If the samples 
could not be processed within 48 hours the contents 
were placed in the jar and a preservative, such as 70- 
80% ethanol was added. 

Categories of substrate samples: The three types 
of samples processed were classified as follows: seeded 
samples, homogenized samples, and regular field-col- 
lected samples. All substrate samples used in this study 
were collected from mid-March to mid-April. 


Seeded samples. These samples consisted of re- 
constituted salt marsh substrate seeded with different 
levels of field-collected larvae. Salt marsh substrate 
was brought back to the laboratory, air-dried and then 
sieved through a screen with 850 um openings (20 
mesh) to remove plant roots and other large debris. The 
air-dried sieved substrate was then placed on trays and 
heated at 43.1°C in an oven for 2 hours to ensure that no 
viable Culicoides eggs or immature stages remained. 
The substrate was then cooled to room temperature. 
Distilled water was added to reconstitute the substrate 
to its pre-dried consistency. This reconstituted sub- 
strate was then used to perform a set of experiments in 
which the samples contained a known number of lar- 
vae. Samples to be processed by the AE technique were 
prepared by partitioning out either 100 ml or 1000 ml of 
reconstituted substrate into 2-litre plastic containers 
(16 cm diameter x 11 cm deep). The CSFE samples 
were prepared by partitioning out 100 ml of reconstitut- 
ed substrate into 2-litre containers. 

Field-collected larvae (late 3rd — early 4th instars) at 
five inoculation levels (0, 25, 50, 100 and 200) were 
placed into randomly selected containers. Larvae were 
extracted from the substrate by AE [Kline et al., 1981] 
and separated according to size. First and second instar 
larvae (< 3 mm) were separated from third and fourth 
instar (> 3 mm) ones. Only third and fourth instar larvae 
were used in the seeded experiments. 

For the main comparisons, six containers were set up 
at each inoculation level and substrate amount, except 
the 200 inoculation level, which had three replicates. 
Containers with 1000 ml of substrate were processed by 
AE, and the 100 ml containers were processed by CSFE. 

As a side study, five 100 ml reconstituted samples 
with three replicates of 50 larvae per sample and two 
control replicates of zero larvae per sample were placed 
into 250 ml beakers to be processed using AE. These 
were compared with a number of samples processed by 
the AE1000 and CSFE methods. 

Homogenized samples. Homogenized samples were 
based on field-collected samples of substrate from the 
salt marsh areas mentioned above. All samples were 
obtained in the last two weeks of March when the 
immature populations consist almost exclusively of 
Culicoides mississippiensis [Wood & Kline, 1989]. 
Substrate up to a depth of ca. 3 cm was collected into 
large plastic buckets (19 litres). Based on visual deter- 
mination, samples were taken from areas that had 
either a very sandy or silty mud substrate. In the 
laboratory, the bucket contents were thoroughly mixed 
(homogenized) by hand for several minutes using 
rubber-gloved hands. The hypothesis was that ho- 
mogenizing these field samples would evenly distrib- 
ute the immature stages and produce samples with 
approximately similar numbers of immatures. The 
sand and mud samples were mixed in different con- 
tainers and processed separately. After homogeniz- 
ing, the contents were quickly and randomly parti- 
tioned out into plastic containers (1000 ml per 16 cm 
diameter x 11 cm deep cup) with lids, beakers (100 ml 
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per 250 ml beaker), and glass jars (100 ml per 150 ml 
jar) with lids. 

Two variants of comparison were used. In the first, 
10 samples with 1000 ml of sand substrate and 5 
samples with 1000 ml of mud substrate in the plastic 
containers were processed by AE, and 10 samples with 
100 ml of sand substrate and 5 samples with 100 ml of 
mud placed in the glass jars were processed by CSFE. 
In the second variant, 5 replicate samples of sand 
substrate were processed. The 1000 ml plastic cups and 
100 ml beaker samples were processed using AE while 
the 100 ml glass jar samples were processed by CSFE. 

Regular field-collected samples. This group of sam- 
ples refers to those which were processed as they came 
directly from field locations mentioned above. Plastic 
2-litre containers (16 cm diameter x 11 cm deep), 
beakers (250 ml) and glass jars (150 ml) were used to 
collect 1000 ml (ca. 300 cm), 100 ml (ca. 30 cm’) and 
100 ml (30 cm’), respectively, of salt marsh surface soil 
(ca. 3 cm deep). 

Two variants of comparison were used. In the first, 
only the AE1000 and CSFE methods were compared. 
Replicate samples were taken at 54 sample locations 
with mud substrate and 10 locations with sand substrate 
in close proximity (< 1 m’) of each other. In the second 
variant, three replicate samples of each type were re- 
trieved from 9 similar marsh locations with the repli- 
cate number of each type again being collected in close 
proximity of each other. The 1000 ml plastic cups and 
100 ml beaker samples were processed using the AE 
technique, and the 100 ml glass jar samples were pro- 
cessed using the CSFE technique. 

Statistical Analyses: Where appropriate, data were 
subjected to analysis of variance (SAS Proc GLM) and 
t-tests, and means were separated by Duncan’s Multi- 
ple Range test [SAS Institute, 2003]. Percentage data 
were transformed by arc sine of the square root of the 
count data prior to analysis. Unless otherwise stated, 
the alpha level of significance was 0.05. 


Results 


Seeded samples. Mean percent recovery was very 
similar at all inoculation rates from the 100 ml substrate 
samples processed by CSFE (Table 1). A similar trend 
was obtained for 1000 ml samples processed by AE, 
although the mean values varied over a wider range 
(Table 1). However, mean recovery was about 2.7 times 
as great for the CSFE method. The overall recovery rate 
was 95.7% for the CSFE method compared with 35.3% 
for the AE method. When the AE method was used to 
recover 50 larvae previously inoculated into either a 
1000 ml or a 100 ml substrate sample, the recovery rate 
was about twice as great from the larger sample (Table 
2). In this second set of experiments recovery rates for 
the CSFE 100 ml and AE 1000 ml samples were similar 
to those obtained in the first experiment (Table 1). In all 
cases, the mean recovery rate between extraction meth- 
ods was highly significantly different (p < 0.001). 


Table 1. Mean percent (standard error value in paren- 
theses) of 3rd and 4th instar larvae of Culicoides 
recovered from salt marsh substrate seeded 

at four levels, using agar extraction (AE) or 
centrifuge-sugar flotation extraction (CSFE). 

Ta6auya 1. Cpeanas aosa auqunox Culicoides 3-ro n 4- 
TO BospacTos (%; B cKoObKax — cpeAHekBaapaTuuHast 
olmMOKa), U3BACYEHHBIX METOAOM arapoBon SKcTpakyun 
(AE) nan MeTOAOM YeHTpudyrupoBaHusd n þaoraynu B 
pacTBope caxapa (CSFE) ns cy6crparos coaënoro mapma, 
B KOTOpÞIe ObIAO MOMeINJeHO TOYHO N3BECTHOE YNCAO 
AMYMHOK, or 25 ao 200. 























Seed Extraction method 
level |” AE1000 CSFE100 
25 6 38.0 (4.9) 97.3 (2.0) 
50 6 28.7 (4.6) 96.7 (1.4) 
100 6 44.2 (4.2) 93.6 (0.9) 
200 3 25.3 (6.4) 95.3 (2.2) 
Total 21 35.3 (2.8) 95.9 (0.8) 














Homogenized samples. Substrate from field sam- 
ples was visually classified as either predominantly 
sand or mud. Results comparing the relative recovery 
of immature stages by the AE1000 and CSFE100 
methods were similar for the two substrate types (Ta- 
ble 3). A comparison of raw means showed that 1.9 
and 1.8 times more immature stages were obtained 
from samples processed by the AE1000 method com- 
pared to the CSFE method for sand and mud substrate 
samples, respectively. These differences were statisti- 
cally significant. When compared on the basis of 
immatures recovered per ml of substrate processed, 
5.2 and 5.6 times more immatures were obtained by 
the CSFE method than the AE1000 method for sand 
and mud substrate samples, respectively. These dif- 
ferences were highly significant (p < 0.001). 

In the special tests (Table 4) in which different 
amounts of the same type of substrate were used 
(standard 1000 ml versus 100 ml sample size), 16.6 
and 124.0 immature stages per sample were recovered 
for AE100 and AE1000, respectively. Based on total 
immatures per sample, the AE1000 method recovered 
very significantly (p < 0.001) more immatures than 
both the CSFE (2.7 times) and AE100 (7.4 times) 
methods. However, on a total of immatures recovered 
per ml of substrate basis, the CSFE method caught 
significantly more (3.7 times) than the AE1000 meth- 
od. The CSFE method caught significantly more (2.8 
times) than the AE100 method both ways. 

Regular field-collected samples. Similar results were 
obtained from the first set of regular field samples as 
were obtained for the homogenized randomly collected 
field samples (Table 5). A comparison of raw means 
showed that 1.4 and 1.5 times more immature stages 
were obtained for samples processed by the AE1000 
method compared with the CSFE method for sand and 
mud substrate samples, respectively. These differences 
were significant (p = 0.02). However, the reverse was 
true when sampling efficacy was determined based on 
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the total number of immatures recovered per ml of Table 2. Mean percent (n=3; standard error value in pa- 


substrate processed. The CSFE method recovered very rentheses) of 50 Culicoides 3rd and 4th instar larvae 
significantly (p < 0.001) more (6.9 times) immatures seeded into either 100 or 1000 ml of substrate and re- 
per ml of substrate than the AE1000 method for both covered by agar extraction (AE100, AE1000) or 


by centrifuge-sugar flotation extraction (CSFE100). 


In the second set of field samples (Table 6), the Tomina ee a a ca tases ae ome 
u 4-ro Bospacros (%; n=3; B cKoOKax — cpeAHe- 


AE1000 method recovered 1.7 times more immatures KBaapaTviunast omm6Ka), nomemënnx g 100 nan 1000 
per sample than the CSFE method, but the difference MA cy6crpata U M3BAEYËHHBIX OTTYAa METOAOM arapoBori 
was not significant. Both the AE1000 (15.8 times) and akerpaxymn (AE100, AE1000) nan merogom yexrpu- 
CSFE (9.5 times) methods caught significantly more yruposanua n paoTayun B pacrBope caxapa (CSFE100). 
immatures than the AE100 method. On immatures per © ©—§_——— ee 
ml of substrate basis, the CSFE method recovered 


significantly more (6 times) immatures than the AE1000 AE100 | AE1000 CSFE100 
method. 16.7 (7.1) 34.8 (3.9) 95.3 (0.8) 


sand and mud samples. 


Extraction method 

















Table 3. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar 
extraction (AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from homogenized field samples col- 
lected from two substrate types in salt marsh habitats at Yankeetown, Florida. 

Ta6auya 3. Cpeanee ucao nmpenmarnHaĘbHbix cran Culicoides (B cKobKax — cpeaneKBaapaTuunas ommM6Ka), 
U3BACYEHHBIX U3 TOMOTEHU3MPOBAHHBIX I1pob, KoTopple bran cobpaHEI Ha ABYX Tullax cyOcTpaToB B mpeAeaax 
COAGHBIX mapmeŭ y r. THKurayH, Daopuaa. 


























Substrate Extraction ñ Ist/2nd 3rd/4th Pupae Probed ' Total 
method instars instars from agar 
Ea AE1000 10 | 13043) | 51.0 (12.8) | 0.0(0.0) 12.4 (1.8) | 76.4 (17.5) 
CSFE100 10 | 530D | 33823) | 020.) = | 39.3 (2.9) 
ha AE1000 5 | 5609 | BoD | 1.00.6) 9.2 (1.5) | 28.8 (4.4) 
CSFE100 5 5.8 (0.7) 9.0 (2.0) 1.4 (0.5) — 16.2 (2.2) 
! Late instar (3rd and 4th) larvae physically removed with a slightly bent dissecting needle from agar layer. 





| JIvanuxu ctapuimx BO3pACTOB (3-ro H 4-ro), H3BJIeYËHHDIe H3 COM arapa C MOMOIDIO CJIeTKa H30THYyTOÑ npenapoBaJbHOÑ HTJIbI. 


Table 4. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar ex- 
traction (AE100, AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from homogenized field samples 
collected from sand substrate in salt marsh habitats at Yankeetown, Florida. 

Ta6anya 4. Cpeanee 4ucĘAo mpenmMmarnHaĘbHbix ctaqun Culicoides (B cko6kax — cpeanekgasparnynas ommbka), 
U3BACYEHHBIX N3 TOMOTEHU3UPOBaHHBIX IpOo6, KoTopple Gran coOpaHbI Ha mecyaHom cy6crpate B IMpegesax COAËHDIX 
mapmeñŭ y r. SfakurTays, Daopnaa. 














A : 7 Probed ! 
Extraction method n Ist/2nd instars 3rd/4th instars Pupae fi Total 
rom agar 
AE100 5 3.4(1.2) | 1042.5) 0.0 (0.0) | 280.3) | 16.6 (2.7) 
AE1000 5 24.6 (3.9) | 85.8 (9.5) 0.0(0.0) | 1560.4 | 124.0033) 
CSFE100 5 8.01.3) | 37.6 (2.1) 0.40.2) | — | 46.0 (2.5) 

















Table 5. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar ex- 
traction (AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from regular field samples collected from 
two substrate types in salt marsh habitats at Yankeetown, Florida. 

Ta6auya 5. Cpeanee ucao npeumarmHnaabHerx craaui Culicoides (B cKo6bKax — cpeaHeKBaapaTuunas ommM6Ka), 
U3BACYCHHBIX U3 OOLIMHBIX 1pob, KoTOppIe Oprau cobpaHbl Ha ABYX TuMax cyOcrpaToB B IIpeAeAax COACHBIX Mapleu y 
r. AuKuTayH, Daopuaa. 





























Sübsiräte Extraction N Ist/2nd 3rd/4th Pupae Probed ' Total 
method instars instars from agar 
OR AE1000 | 10 19.9 (3.1) 101.1 (18.9) | 0.20.1) | 2770.0) | 148.9 (20.3) 
CSFE100 | 10 12.7 2.1) 90.0 (18.7) 1.00.4) | = | 103.7 (18.8) 
aa AE1000 | 54 13.6 (2.7) 30.9 (4.6) 12.4 (2.0) | 0.5(0.2) |  57.4(8.0) 
CSFE100 | 54 10.1 (1.5) 26.1 (2.7) 3.1 (0.8) | — | 39.3 (4.2) 








! See footnote to Table 2. 
! Cm. cHocky K Ta6snte 2. 
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Table 6. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar ex- 
traction (AE100, AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from regular field samples collect- 

ed from sand substrate in salt marsh habitats at Yankeetown, Florida. 

Ta6anuua 6. Cpeanee utcao peumarmnaabyplx craaun Culicoides (8 cko6Kax — cpeaneKBaapaTuunas onm6ka), N3BACYËHHDIX 

13 OObIEHBIX p06, KoTOpple Gba" cobpaHbI Ha MecyaHom cyOcrpate B Ipeaeaax COAGHBIX Maplen y r. AukuTtays, Daopnaa. 


















































' See footnote to Table 2. 
' Cm. cHocxy Kk TaOsnte 2. 


Discussion 


Based upon these limited observations, it would ap- 
pear that AE and CSFE methods were useful in recovery 
of immature Culicoides from salt marsh substrate. Both 
techniques produced viable larvae that could be used in 
further studies, such as pesticide screening. This said, one 
of the stated objectives of this study was to determine if the 
CSFE method would be useful in determining the spatial 
and temporal presence of the immature Culicoides. Al- 
though AE is currently our best sampling technology for 
obtaining immature stages from salt marsh habitats [Kline 
et al., 1981], the process requires 48 hours to recover 
sufficient numbers of immatures. Indeed, greater numbers 
can be recovered if the samples are held for 72 or 96 hours 
before the sample is processed [Kline et al., 1981]. The 
data reported herein demonstrate that the CSFE technique 
was very efficient (95%) in the recovery of Culicoides 
immatures associated with salt marshes. 

An advantage of the CSFE technique was the rela- 
tively rapid determination of the presence or absence of 
immatures and their abundance. Once the sample is 
returned to the laboratory an answer may be obtained 
within an hour. Another advantage is that much less 
substrate is required to obtain the same answer. In the 
seeded 100 ml samples processed by CSFE yielded a 
mean recovery rate of 95% compared to 35% for AE1000. 
In the field-collected samples, the number of immature 
stages recovered per ml was 8.6 vs. 1.4 for sand sub- 
strate, and 3.9 vs. 0.5 for mud substrate samples for the 
CSFE and AE1000 methods, respectively (Table 5). 
Thus, when the data are compared on a ml of substrate 
basis, the CSFE method recovered 6—8 times more im- 
matures than the AE1000 method in contrast to 1.5 times 
greater number of immatures recovered by AE1000 ona 
per sample basis. More 100 ml samples can be physically 
carried from the salt marsh during a single trip. Thus, 
more areas can be sampled during a single trip. The 
greatest disadvantage of this method is that a good 
centrifuge is needed. Not every research project has one 
and a good centrifuge may be expensive. 

Further work needs to be conducted to determine 
the usefulness of the CSFE technique. 
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Extraction method Ist/2nd instars 3rd/4th instars Pupae oe Total 
rom agar 
AE100 9 3.00.4) | 1407) | 0303) |  0.0(0.0) 4.8 (2.1) 
AE1000 9 12.0 3.9) | 458045) | 0101) | 1786.3) 75.8 (16.4) 
CSFE100 9 8.2 (1.5) 35.0 (7.4) 2.6 (0.8) — 45.8 (8.5) 
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